Abstract
Introduction
Pakistan's ministry for healthcare has predicted that Pakistan is realising significant advantages from the emerging information economy. This is reflected in the recent infrastructure investment and other technological developments. Despite this development, it appears that Pakistan is lagging behind in healthcare service provision. This may be due to the fact that Pakistan is slow to adopt wireless technology and this slow adoption can be attributed to the lack of management support, lack of training and perhaps lack of policies [1] [2] [3] the perceived lack of complexity and cost [2, 4, 5] ; sensitive nature of information and logistic involved in a healthcare facility [6, 7] ; nature and type of risk involved [5, 8] pressure for high quality of care, high litigation cost and lack of infrastructure, the extent of integration with existing health systems [7] and necessity for other resources to support technology infrastructure [5, 8] .
Further, there is limited empirical research available into the adoption of wireless technologies in the healthcare system specific to Pakistan. While it is possible to find information on the technical and operational areas of wireless technology, there is limited empirical research on the areas relating to the factors that would lead to the successful adoption of wireless technologies applicable to Pakistan's healthcare industry. Therefore, any knowledge of these factors of adoption of wireless technology will help the healthcare administrators to develop appropriate policies in order to address the ever increasing demands of heath services in Pakistan. This has given impetus to this study. The main research question asked in this study, thus, is:
What factors influence the use of wireless technologies for healthcare in Pakistan?
This research does not study the decision making process for the use of wireless technology, rather it assumes that a decision has been made at some stage to use the wireless technology. While the decision to use is a preliminary phase only, the actual use may happen over a period of time. During this time, factors such as familiarity, infrastructure, cost, clinical process, quality of care, management support, policies and procedures, security, availability of appropriate wireless application, trust and knowledge of the technology will facilitate the adoption and hence the use.
Methodology
An examination of IS studies indicated that there is a necessity for a suitable research method, as has indeed been confirmed by [9] who called for new efforts to validate the instruments that IS researchers were using. In Boudreau and his team in 2001, [10] , after a review of MIS Quarterly, Communications of the ACM and Information & Management over the period 1997 and 1999, published in MIS Quarterly (vol. 25, p1) the statement that 'findings suggest that the field (of IS) has advanced in many areas, but, overall, it appears that a majority of published studies are still not sufficiently validating their instruments'. Therefore, we felt that if technology issues were to be studied with respect to a specific domain, then user involvement with the technology issues forms a major part in establishing the factors influencing such a study. This was actually endorsed by [11] in the statement that '… knowledge is gained, or at least filtered, through social construction such as language, consciousness, and shared meanings (p.81)'.
The research question posited in this study dictates the need to have quantitative research methods, while the behavioural component of the same investigation dictates qualitative research methods. In essence, to answer our research question, we require both methods. Qualitative methods will help us to understand the domain and the context in a practical sense. Quantitative methods will assist us to generalise our findings. The rationale for this approach is based on the notion that behavioural components require a thorough understanding of how users apply wireless technology in a given organisational setting in order to understand the behavioural issues. This is best extracted or accomplished by a qualitative approach, as we need to extract a number of 'tacit' aspects. A quantitative instrument then can be developed (from the qualitative data) to extract the quantitative aspects such as the opinion scores.
Considering the above, the suitability of one research method over the other had to be carefully weighed. Based on these, this study identified the exploratory approach to be suitable as an initial investigation. This approach is particularly favourable in confirming the direction of the study and the variables chosen for the study, as well as helping to refine the literature. The exploratory approach allows the researcher to eliminate irrelevant variables as they are identified and to include new relevant variables as they emerge.
Thus the principles of each method were applied to this study. The initial exploratory phase was borrowed from earlier research by one of the authors of this paper. The research was conducted using a qualitative approach to establish the direction for the study based on the Indian healthcare environment. Indian and Pakistani healthcare environments are very similar in the context of culture, social values, economic and ICT infrastructure. This was then followed up with a main study using the quantitative approach. The uniqueness of this approach is the development of the instrument from the qualitative interviews, using the statements provided by interview participants. This has provided relevance and reliability to our quantitative instrument.
Qualitative Data Collection & Results
As argued, the qualitative approach (individual interviews) was used to collect initial sets of themes for the adoption of wireless technology by the physicians in the Indian healthcare systems. For this purpose, the first stage of the data collection concentrated on randomly identifying 30 physicians from India with some form of wireless technology experience. They were drawn from both private and government hospitals. These physicians were interviewed by an independent member (external to the team) to identify the attributes for the adoption of wireless technology by physicians in the Indian healthcare systems. This approach was deliberately taken to avoid the criticism that there may be 'bias' in the interview process. Further, due to linguistic issues, we required a person with proficiency in Indian language as well as English in order to schedule appointments etc. The interview questions were derived from existing literature and other studies conducted in Australia and Taiwan by one of the researchers of the team. The questions covered aspects such as the participants' experience in using wireless technology, their perceived opinions on various benefits and problems, their opinions on how this technology would fit-in their workplace functional requirements, and whether the technology would yield significant benefits.
The interviews were conducted (in English) over a 45 -60 minute period and recorded using a digital recording machine. The recorded interviews were then transcribed into a computer file. No editing was done on the transcripts and the transcripts contained grammatical errors, as some physicians interviewed were not overly competent in English. Thus qualitative data collected from the Indian healthcare environment and literature review in the domain of healthcare have helped in identifying the following list of drivers and inhibitors in general for the use of wireless technology in the subcontinent healthcare environment. 
Quantitative Data Collection
This study developed a survey instrument from the interview data. The main reason for this behavioural approach was that previously tested instruments were found to be inadequate in healthcare settings for India and Pakistan. The data from the interviews were used to develop a specific range of questions to gather more detailed view from the wider population. This survey instrument was pilot tested to capture the information reflecting the perceptions and practices of those adopting wireless technology in the Indian healthcare system. It was particularly focussed on what internal and external environmental factors shape the adoption of wireless technology and the extent of their influence.
This survey was then distributed to over 300 physicians in Pakistan. The samples were randomly chosen through local health departments. A cover letter explained the objectives and goals of the research. A total of 97 completed surveys were received. The survey responses were then transcribed into a spreadsheet file. A Visual Basic interface was written to generate numerical codes for various elements of the survey for data analysis using SPSS. The coded spreadsheet file was then copied into a SPSS file format for further data analysis An initial factor analysis was conducted on the data to identify factor groupings. An iterative process was employed to finally arrive at the following five factors. In deciding the factors, a loading value of 0.6 was set with varimax rotation. The groups were given appropriate titles in an arbitrary fashion based on the type of factors. The left most component starting with letter Q refers to the question number used in the survey instrument. This final factor grouping is shown in the 
Discussions
The five factors identified in the factor analysis were broadly identified in the prior literature ( [12, 13] . Despite this identification, for the first time, this study has identified specific factors that contribute to influencing the use of wireless technology in a given healthcare setting. For example, the Technology Management factors included aspects relevant to technical aspects such as slow transfer rates. While these aspects were actually inhibitors to the use of wireless technology in the current Pakistan healthcare, they can be controlled by implementing a proper technology management plan. This factor especially indicates the necessity for proper planning and policies. This has been already identified in general as we stated in the introduction section of this paper.
The second factor, Data Management, included factors that contribute to the 'data' aspects of using wireless technology in a clinical setting. The strength of the factor items indicates the essential use of technology in a clinical setting. Some factors such as patient education, while not directly a clinical function, have an indirect influence on the clinical operations. Respondents felt that wireless technology can be useful in these domains. Therefore, it is possible to infer that wireless technology can be used both directly and indirectly in a healthcare clinical setting to obtain efficiencies.
The third factor, Improved Outcomes, included clinical performance using wireless technology, access to data, high quality information, improved patient safety and attracting more patients. These factors imply that certain clinical aspects can be improved using wireless technology. It is interesting to note that while previous studies have identified these aspects to some extent, perhaps, for the first time, empirical evidence is provided as to the strength of these factors under one grouping. The factor item 'improved patient safety', for example, clearly indicates that by using wireless technology, it is possible to reduce data inaccuracies.
The fourth factor, Efficiency, is specific to saving time and effort. Wireless technology in healthcare was supposed to offer these two benefits as identified in many studies [14] . What is interesting to note in this study was the correlation of these two elements with clinical flow factor. Wireless technology alone is not sufficient to obtain efficiency levels. A better clinical flow is also an essential component to arrive at efficiency. The imperative of this factor grouping is that wireless technology should be used properly in a clinical setting to arrive at desired efficiency levels.
The fifth factor, Software Limitations, highlighted the hurdles encountered by the healthcare systems in using wireless technology. Despite the advancement in the hardware, it appears that the software solutions are not matured for use. This is indicated in the factors: lack of applications, migration issues and lack of resources. The implication of these factors is that current solutions prepared for one market may not be applicable to another remarket due to varying systems, regulations and data needs. This aspect has not yet emerged in the healthcare literature as yet. One reason may be that hardware has captured the attention as this is easy to 'see and feel'. Only when the hardware is used in healthcare systems are the software issues being realised.
In essence, the five factors identified in this study comprise both technology and management factors. The combination of these two factors indicates that the aspect of technology management is crucial in healthcare for a proper implementation of wireless technology, as evidenced by the Pakistan data. Further, this study has identified specific factors that influence the use of wireless technology in healthcare specific to a healthcare system. The individual factors and their loading indicate the reliability of these factors. A further improvement on these factors can be realised by testing their first order regression with a higher order model development.
Conclusion
This study for the first time empirically identified five factors influencing the use of wireless technology for the Pakistan healthcare. The major theoretical contribution of the study is the identification of essential factors contributing to the use of wireless technology in healthcare. This study has confirmed these factors using factor analysis and hence provided empirical evidence as to the strengths of these factors and the significance of their items. The implication of these factors on government and private healthcare systems is to provide necessary policy decisions, training programs and processes. The combination of these will help to accomplish organisational goals in terms of clinical efficiencies. Further, the factors also will provide a better understanding as to where to spend the finances when using wireless technology in healthcare systems.
